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Th• machining operation• of turning, ailling, and 
drilling all involve either a rotating workpiece, or a 
rotating cutting tool. When a machinist is about to 
machine a metal part the speed at which the machine will 
rotate the workpiece or cutting tool must be determined. 
An optimum speed exist that will maximize the life of the 
cutting tool ( e.g. drill, ate.). A Cutting speed that is 
to slow will result in a loss of production, and a cutting 
speed that is too fast will shorten the life of the 
cutting tool. 
The purpose of this project was to develop an expert 
system that would allow a machinist to find the optimum 
cutting speed for a particular operation. The system 
·developed allows a user to input various characteristics 
about such things as material, material hardness, material 
condition, etc •• The system responds by returning to the 
user the proper cutti~g speed as well as all input 
conditions. The program developed also allows a user to 
calculate the required power to perform a part,icular· 
machining operation, thus allowing the user the ability to 
·aetermine if the p·roper equipment is available for an 
application. 
. J ~ 
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CHAPTER l 
Introduction 
The object ot this project was to show how relations 
between mathematical equations and tabular data could 
easily be cpmbined into a simple expert system. The 
1 
language chosen for this project was Turbo Prolog. Turbo 
Prolog was selected because it is a powerful development 
..... 
system that works on readily available IBM compatible 
PC's. The mathematical equations were selected from the 
2 
llachinery•s Handbook 22nd edition. The Machinery's 
Handbook is a 2000 + page book which is full of equations 
and tables for solving problems relating to mechanical 
design. 
For this project two formulas were built into the 
expert system. Although two formulas represent only a 
small fraction of the machinery's handbook the present 
expert ~ystem is significant in size. The formulas chosen 
can calculate: 
1. Speed and feed rates for turning, milling, drilling 
and reaming most metals. 
2. Horsepower required to turn, mill, drill, and ream 
most metals . 
. r 
The formula's shown above were chosen because they 
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are relati~.~ly aimpl• and a large a•ount of tabular data 
is available tOr the~ The remaining chapters in this 
document describe the formula• that were taken from the 
Machinery's Handbook and how they were implemented in 
Turbo Prolog. 
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CHAPl'ER 2 
Thia section contains a brief overview of the Prolog 
language, with some more detailed descriptions of Turbo 
3 
,. 
Prolog. Prolog is short for Progra•aing in Logic. The 
Prolog language utilizes pattern matching and automatic 
backtracking to solve probl·ems that involve structured 
objects, and their respective relationships. 
The Prolog language contains three types of data 
objects: 
1. Constants 
2. Variables 
J. Structures 
Prolog recognizes each data object by its syntactic form. 
Constants can be found in three different forms: 
1. Atoms 
2. Integer NUllbers 
3 • Real Numbers 
Atoms are constructed by any of the following methods: 
1. Any string beginning in a lowercase letter, 
containing letters, digits, and the under-
score character. 
Ex: 
mike 
b52 
mikes Book 
-
4. 
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2. String• containing apecial character•. 
Ex: 
-> 
• • • 
J. Strings enclosed in single quotas. 
Ex: 
'Mike' 
'South Pole' 
' 
\ 
Integers in Prolog are whole numbers fallin(}\ in an 
allowable range. In Turbo Prolog the allowable range for 
integers is -32,768 to 32,767. 
Real numbers in Prolog can contain an optional sign 
followed by digits followed by an optional decimal point 
followed by digits and an optional e followed by an 
optional sign an exponent. Ex: 
12 
-13 
5.36 
64 e -12 
In Turbo Prolog the allowable range for reals is+/-
1 e -307 to +/- 1 e +308. 
Variables are strings of letters, 
~ -· }, 
digits and 
underscore characters. They start with an upper-case 
.letter or an underscore character. Ex: 
X 
Name 
1 
-
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Structure• contain aeveral coaponenta. Structure• 
contain a functor and one or more argument•. The 
arguments in turn can be structures. 
Ex: 
book (title, author) 
date (10, May, 1986) 
parent (name, name) 
The Prolog language uses the data objects just 
described to create objects and relations between objects • 
• 
The structure shown below: 
parent (jim, jennifer). 
can represent the relationship that the object "jim" is 
the parent of the object ''jennifer": This type of 
relationship is·called a fact or clause in Prolog. A 
simple Prolog program could contain one or more clauses 
such as: 
parent (jim, megan). 
parent (jim, jennifer). 
parent (jim, kristen). 
parent (mary, jim). · 
Questions can now be asked to the Prolog program such as: 
? - parent (mary, jim). 
Prolog will answer: 
\ 
' yes 
• 
··.~ 
/ 
' 
The question asked is called a goal, which Prolog 
must try to satisfy. Prolog searches through its list of 
facts and attempts to find a match to the goal and if one 
6. 
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i• tound prolog will reapond with the anaver 'Y••' , •l•• 
prolog reapond• with •no•. 
Suppoae we wanted to know who jim'• children were. 
• l 
We would ask Prolog by typing: 
? - parent (jim, X). 
Here Xis\ variable and Prolog will find all 
solutions for X and respond with: 
X • jennifer 
X • kristen 
X • megan 
We can make our program more sophisticated by adding 
L 
-~ 
a special kin~f clause called a Rule. 
when a particular condition is satisfied. 
could be: 
child (Y,X): - parent (X,Y). 
Rules are true 
.. -
A typical Rule 
The Rule contains two parts: the right hand side 
which is a condition to be satisfied, and the left hand 
side which is the conclusion if the condition or 
conditions are satisfied. The condition side of a Rule 
can contain one or more clauses in conjunction with each 
other Ex: 
father (X,Y): - parent (X,Y), male (X). 
/\ In this case the comma indicates that both clauses on 
·I) 
the right hand side must be satisfied. Typical facts for 
male (X) are: 
male (jim). 
7 • 
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male (bob). 
male (joe) • 
hence given the goal father (X, megan) and our tacts 
already declared Prolog would find that X • jim since a 
clause exists for parent (jim, megan) and a clause exists 
for male (jim). 
Rules can also be written in the format if 
condition 1 then do 1, or if condition 2 then do 1, or 
-
-
etc. This type of rule contains a semicolon between each 
condition with the final condition being followed by a 
period. Ex: 
big (X): - large (X); 
huge (X); 
tall (x). 
the above rule is true if any of the clauses on the right 
hand side are true. 
So far some of the basic features of Prolog have 
been described. Turbo Prolog has some additional 
requirements for its programs which will now be described. 
A Turbo Prolog program has three basic sections: 
Domains 
Predicates 
Clauses 
In the domains section all words used for arguments in the 
1 predicates section must be set to a given type. Ex: 
domains 
person, name= symbol 
' In the predicates section all clause forms are declared. 
_, 8. 
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predicate• 
parent (name, nawe) 
male (name) 
and finally the clau••• ••ct ion contain• a li•t of fact• 
,,.... 
t 
and rules.· our previoua program would look as follows:, 
domains 
name• symbol 
predicates 
parent (name, 
male (name) 
father (name, 
clauses 
name) 
name) 
parent (jim, megan) . 
parent (jim, jennifer). 
parent (jim, kristen). 
parent (mary, jim). 
male (jim). 
male (bob). 
father (X,Y): - parent (X,Y), male (X). 
Goals would be asked as shown before. 
, 
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CHAPTER 3 
A) Problem Description 
Thi• aection of Chapter 3 describe• the two foraula• 
that were implemented in the expert system, including some 
example calculations. Two formulas were implemented in 
the system and they were chosen because of their relative 
simplicity in comparison to other formulas found in the 
machinery's handbook. The formulas implemented were: 
1. Calculation of cutting speed and feed rates 
for turning, milling, drilling, and reaming 
most metals. 
2. Calculation of power required for turning, 
milling, drilling and reaming most metals. 
CALCULATING SPEED AND REEDS 
The calculation of a cutting speed and feed rate 
involve• the u•• ot three table• and two equation•. The 
tabular data is derived by grouping together metals that 
have similar machining characteristics. 
The internal microstructure of commonly machined 
metals varies greatly, and it is this internal 
microstructure that determines the relative ease with 
which they can be machined. In general, harder metals are 
more difficult to cut than softer metals. 
l 
When cutting a harder metal the cutting tool 
temperature will be higher than a softer metal at a given 
10 • 
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apeed. Since the cutting tool teaperature •u•t alway• be 
kept within a certain range in order to prevent tool 
failure, the cutting speed of a hard metal must be slower 
than that of a soft metal • Hardness alone will not 
determine the cutting speed because metals with the same 
hardness may have different internal microstructures and 
therefore different cutting speeds. 
A sample of a cutting speed table is shown below: 
TABLE 1. Recommended cutting Speed in M/Min. for Turning 
AISI&SAE Steels Brinell Material*Cutting Speed(MPM) 
Material Hardness Condition HSS* Carbide 
alloy steel 
1213,1215 
100-150 
150~200 
hr,a 
• cd 
50 
55 
200 
210 
* abbreviations: hr, hot rolled; cd, cold drawn; 
a, annealed; hss,high speed steel 
The cutting speeds listed in the table are shown for 
high speed steel (has) and cemented carbide cutting tools, 
because they are the most commonly used cutting tools. 
High speed steels have several properties-which make 
them good materials for cutting tools. They can retain a 
sufficient hardness for cutting at temperatures to 590 
degrees centigrade and when cooled to room temperature 
they will return to their original hardness. Also, High 
speed steels can be made soft by annealing and then they 
can be shaped into cutting tools and finally hardened to 
make them good cutting tools • 
11. . I 
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-~ C•••nted carbide•, alao known a• carbide~ are harder 
than high apeed •t••l• and have an excellent reaiatance to 
wear, and they can be used at temperatures up to 760 
degrees centigrade. There are many different types of 
carbides available and the exact one chosen should be 
,, 
based on its application to the cutting conditions. 
When determining the cutting Speed for a given set of 
conditions several things must be considered. 
conditions determine the rate of metal removed: 
• 
1) cutting Speed 
J 2) Feed Rate 
3) Depth of cut 
Three 
These three conditions and the material being cut will in 
turn determine the power required to made the cut. 
The cutting tool life is directly related to the 
cutting cpndi tions. The tool life is the length of time 
( 
\ that the cutting tool will cut before becoming dull. If a 
shorter tool life is acceptable, the cutting speed and 
feed can be increased. By increasing the cutting speed or 
feed the decrease in tool life will be proportionately 
greater than the increase. Also by decreasing the qutting 
speed or feed, the tool life will be proportionately 
greater than the decrease. The cutting speed has the most 
effect on the tool life, followed by the feed rate and 
then by -~he depth of cu~. 
. 
When determining the cutting conditions, the first 
12. 
• 
... 
' 
thing to ••l•ct i• a depth of cut. Depth of out i• \ .. 
liaited by the amount of material to be machined. For 
example if we wish to remove three millimeters of material 
then the depth of cut may not exceed three millimeters. 
The depth of cut is limited by the following: 
1) Amount of metal to be machined. 
2) Power available on the machine tool. 
3) Rigidity of workpiece. 
4) cutting tool 
5) Rigidity of set-up 
Also, since the depth of cut is known to have the least 
effect on tool life the heaviest depth of cut should be 
chosen. 
The second step is to select the feed rate. The 
following must be considered when selecting the feed rate: 
1) Po~er available on machine tool 
2) Rigidity of workpiece 
3) Rigidity of cutting tool 
4) Rigidity of set-up 
5) Final surface finish desired 
The third step is to select the cutting speed from 
the tables found in the machinery's handbook. The tables 
~list recommended cutting Speeds in meters per minute. The 
recommended cutting Speed is an average value and 
represents a starting point from which to set the RPM of 
" 
the machine tool. Many factors may influence the actual 
.( 
speed chosen, these are: 
1) Size of machine 
2) Type of tooling 
3) Model and make of machine tool 
13. 
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4) 
5) 
6) 
7) 
8) 
9) 
10) 
11) 
12) 
13) 
Power 
Rigidity ' 
Foundation on which it •tand• 
Workpiee~configuration· 
Rigidity of workpiece set-up 
Fixturing 
Safety aspects 
Carbide g:r:ada 
cutting fluid 
Desired tool life 
The following is an example calculation of cutting speed: 
Example: Calculate the Spindle Speed for turning a 
31.75 millimeter bar of cold drawn 200-220 Brinell 
Hardness AISI 1040 steel using a depth of cut of 
. .. . ...... 
2.54 millimeters and a feed rate of 0.38 millimeters/ 
rev. and a high speed steel cutting tool. 
~ 
Answer: Two formulas are used 
1) V =Vo* Ff* Fd 
2) N = (1000 * V) / (3.1417 * D) 
Where 
V - cutting Speed to be used in m/min 
Vo - cutting Speed from tables in m/min 
Ff - Feed factor 
Fd - Depth-of-cut factor 
N - Spindle Speed RPM 
D - Diameter of Bar 
• 
Ff is found in the table below 
TABLE 2. Feed Factors 
._, Feed Rate ( _, Feed Factor Ff 
' . 
, ... 
Millimeters/Rev. 
0.10 
0.20 
0.25 
14. 
1.50 
1.18 
1.08 
I 
..... ' -1. • ..... ·_i ) 
... 
.. 
• 
.. 
' . TABLE 2. CONT'D. Peed Factor• 
Feed Rate Peed Factor 
Millimeters/Rev. 
0.30 
0.38 
0.51 
• 
Therefore Ff• 0.91 
Pd is found in the table below 
TABLE 3. Depth of cut Factors 
Ff 
1.00 
0.91 
0.80 
Depth of cut 
Millimeters 
Depth of cut Factor 
0.12 
0.78 
1.98 
2.38 
2.54 
3.18 
34.92 
Therefore Fd = 1.03 
1.50 
1.21 
1.07 
1.04 
1.03 
1.00 
0.71 
Vo is found from the following table 
TABLE 4. Recommended cutting Speed for Turning 
Material 
Alloy Steel 
1006,1008 
1022 
1039,1040 
1042 
Hardness 
100-1·25 
125-175 
175-225 
125-175 
175-225 
225-275 
Material 
Condition* 
HR,A,N,CD 
HR,A,N,CD 
HR,N,CD 
HR,A,N,CD 
HR,A,N,CD 
N,CD,Q 
-
* Abbreviations: ;iss: High Speed steel 
CD: Cold Drawn ,, 
) 
/ 15. 
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. . 
cutting Speed M/Min 
HSS 
< 
36 
33 
27 
30 
25.5 
21 
'O 
Carbide 
135 
120 
105 
112 
98 
68 
\ \ 
' 
'• 
• 
• 
HR: Hot Rolled 
A: Annealed 
N: Normalized 
Q: Quenched 
Therefore Vo i• found to be 25.5 ••t•r•/•in. 
From this V can be found 
V •Vo* Ff* Fd 
V • (25.5 m/min.) (0.91) (1.03) 
V • 24 m/min. 
and now N can be found 
N • (1000 * V) / (3.1417 * D) 
N - (100 * 24) / (3.1417 * 31.75) 
N - 241 RPM 
Therefore the recommended spindle speed for the 
previous example is 241 revolutions per minute . 
. 
' 
Calculation of Required Power 
The power required to cut a material is dependent on 
two factors: 
1) Rate of cut 
2) Power constant Kp 
Kp is also referred to as the specific power consumption 
anq it is defined as the power in kilowatts required to 
cut a material at a rate of one cubic centimeter per 
... 
second. Therefore, when determining the required power 
the material and the volume r·emoved per unit of time is 
required. 
The power available on the machining tool will 
16. 
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d•t•r•in• the aaxiaua aiz• of the cut that can be made. 
When a large amount of ••tal auat be removed fro• the 
workpiece it ia advised to ••timata th• cutting condition• 
that will maximize the available horsepower on the machine 
tool. 
The power constant Kp coma• from a tabla in the 
machinery's handbook and is baaed on experimental data 
from laboratory experiments. An example tabla for Kp is: 
Material 
A-11 plain 
Carbon Steels 
TABLE 5. Power Constant !5.2 
Brinell Hardness 
80 - 100 
140 - 160 
200 - 220 
Kp (kilowatts/ 
cubic Cen~imeter) 
1.72 
2.02 
2.32 
.. 
As indicated in the table and as expected the value of Kp 
is greater for harder materials than for softer materials 
indicating that more power is required to machine a given 
' ¥ 
metal as the hardness is increased. 
The value of the power constant is unaffected by the 
cutting speed, the depth of cut, and the cutting tool 
material. The value of Kp is affected by: 
1) Material hardness 
2) Material microstructure. 
3) Feed rate 
4) Rake-angle of ·cutting tool '. 
5) cutting tool condition (e.g. sharpness) 
In order to account for these possible conditions, there 
·,, 
are tables for the feed factor and for the tool wear. 
17. 
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Since aoat cutting tool• ~re aade with a 14 degree angle, 
the rake angle i• generally not conaidered. 
The following is a •ample calculation of the Power 
(· 
' 
required for turning a metal. 
Example: 
A 140-160 Brinell Hardness AISI 4024 shaft ia 
turned on a geared-head lathe using a cutting 
speed of 107 meters/minute, a feed rate.of 0.40 
·.-··mill imetera/rev., and a depth of cut ot 2 .54 
millimeters. Find the required Power in kW for 
this operation . 
First the metal removal rate is calculated 
using the equation: 
Q • ( V / 60) * f * d 
Where: 
I 
Q • metal removal rate 
V = cutting speed 
f = feed rate 
d = depth of cut 
Therefore: 
cubic cm/s 
meters/min. 
mm/rev. 
mm 
Q = (107 / 60) * 0.40 * 2.54 
Q = 1.81 cubic cm/second 
Next the power required at the cutting tools is 
calculated using the equation: 
\ 
Where: 
Pc= Kp * C * Q * W 
Pc= Power at the Cutting Tool RW 
18. 
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Kp • Power Conatant .i 
c • Feed Factor for Power Conatant 
Q • Metal Removal Rate CUbic CM/S 
W • Tool Wear Factor 
Kp i• found using the following table: 
. Material 
AISI 4024 
AISI 5150 
TABLE 6. Power Constant~ 
Brinell Hardness# 
140 - 160 
160 - 180 
180 - 200 
200 - 220 
220 - 240 
Therefore Kp • 1.69 
C is found using Table 7: 
Kp 
1.69 
1.77 
1.88 
1.97 
2.07 
TABLE 7. Feed Factor, C, for Power Constants 
Feed Millimeters/Rev. 
0.025 
0.10 
0.20 
0.30 
0.40 
0.50 
Therefore C = 0.94 
Wis found using Table 8: 
C 
1.60 
1.25 
1.08 
1.00 
0.94 
0.90 
TABLE 8. Tool Wear Factor 
Operation 
Turning 
Milling · 
Drilling 
' Therefore W = 1.30 
And now Pc can be calculated 
Pc= Kp * C * Q * w. 
19. 
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w 
1.30 
1.10 
1.30 
~ 
\ 
' 
l 
-
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:. 
Pc• 1.69 * 0.94 * 1.81 * 1.30 
Pc• 3.74 KW 
Now the power required at the motor can be calculated 
using the equation: PM• Pc/! 
\, 
Where 
Pm• Power at aotor 
Pc• Power at cutting Tool 
E • Efficiency of Machine Tool 
Eis found using Table 9: 
TABLE 9. 
Type o·f Drive 
Direct Belt Drive 
Back Gear Drive 
Geared Head Drive 
Oil-Hydraulic Drive 
Therefore E • a.so 
Pm• Pc/E 
Pm• 3.74/0.80 
Pm• 4.68 KW 
20. 
Efficiency 
E 
0.90 
0.75 
0.80 
0.75 
" 
' 
\ 
• 
• 
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CHAPTER 3 
b) Program naacription 
This section describes the actual program aa it was 
implemented in Turbo Prolog. Al though every part of the 
program code is not illustrated, the reader should 
understand the program in general. 
In the previous section the two calculations built 
into the expert system were described. This section will 
show how each calculation is programmed. 
Calculation of Speed and Feed Rate 
As previously shown, this calculation requires three 
tables and two formulas. The formulas were directly 
written in Prolog code, and the tables were implemented 
using several facts. The first table is built using the 
predicate declaration: 
sf (operation, name, names, numbers, names, 
number, number) 
The sf ( ) declaration contains several arguments which 
are interpreted by the domains section shown below: 
r 
domains 
number p= integer 
operation, name= symbol 
numbers= number* 
names =name* 
number2 = real 
21. 
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A deaoii.ption tor each argument tollowa: 
ARG l • operation 
Can be any one of three atoms 
1) drilling 
2) milling 
3) turning 
ARG 2 • name 
Stands for material name 
Ex: 
plain carbon steel 
aluminum -
ARG 3 = names 
Stands for a list of material grades and can 
be an empty list if the material is not broken 
into grades 
Ex: (aisi 1040] 
-[ ] 
ARG 4 • numbers 
r. 
Stands for a list of hardness numbers and can 
be an empty list if the material is not broken 
into hardness numbers 
Ex: [175,200] 
[] 
ARG 5 = names 
·. t> 
Stands for a list of abbreviations for 
material condition 
Ex: [cd,a] S 
[n,cd,q] 
22. 
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ARG 6 • number 
Stand• for the cutting Speed uaing a high 
•P••d ateel cutting tool 
ARG 7 • number 
Stands for the cutting Speed using a carbide 
cutting tool 
The second table required to calculate speeds and 
feeds utilizes the predicate declaration: 
sf ff ( number2, number2) 
-
Where the first argument is a feed rate in 
millimeters/rev. and the second argument is the 
corresponding feed factor Ff. 
The third and final table required uses the predicate 
declaration: 
sf fd ( number2, number2) 
-
Where the first argument is the depth of cut in 
millimeters and the second argument is the corresponding 
depth of cut factor. 
The calcula~ion for cutting speed is made by having 
the program ask the user for data which is then matched to 
values built into the program's fact section from which 
• 
further data is found. The data found is then placed into '· 
... 
formula's in the program and finally the answer is output 
to the user. 
' ~ When the program is executed it begins by trying to 
23. 
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aatiafy it• internal goal, ahown below: 
goal ... 
makewindow (1,7,112,"Mechanical Bxpert",0,0,25, 
80),nl,nl,nl,write("\t"), 
write('' Welcome to the M•chanical Expert - Ver 
l.O"),nl,write("\t"), 
write ( '' Copyright 1987, Michael F. Quinn'') , nl, nl, 
write('' Press space bar to continue") ,readchar( ) 
,clearwindow,nl,nl,listcapabilities. -
.. 
The goal first tells Turbo Prolog to make a scree
n 
and to write the three lines of text: 
Welcome to the Mechanical Expert - Ver. 1.0 
Copyright 1987, Michael F. Quinn 
Press space bar to continue 
When the user presses the space bar the clau
se 
readchar(_) is satisfied and prolog can continue. The 
clause readchar(_) tells Turbo Prolog to read a character 
but it doesn't matter what character is read. 
After 
reading this character the clause listcapabilit
ies is 
encountered. The clause, listcapabilities outp
uts the 
followJg text. 
The present system can calculate the following: 
O: Exit to MS-DOS 
1: Speed and feed rates 
2: Machining power requirements 
Please make a selection by typing a number followe
d 
by a <CR>. 
The user enters a selection from the keyboard a
nd 
~rolog continues. Assuming a 1 was entered the use
r would 
., 
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next•••= 
J 
You have choaen to calculate apeed and teed rat••· 
With thia selection you can tind the teed rate in 
meters/minute and the spindle speed in revolution• 
/minute. 
I 
Speed and feed rates are available for the 
iollowing operations: 
1) Turning 
2) Milling 
3) Drilling and Reaming 
If the user chose 1 the prolog system would set a variable 
X = turning and tell prolog to list all materials in its 
database for which data on turning is available. This is 
done using the rule: 
write_sfl (X,Y):-
sf (X,Yl, , , , , ), not(member (Yl,Y)), 
write (Yl),-append (Yl,Y,Y2), write sfl(X,Y2) ;!. 
-
Before calling this rule X is set to turning and ,f is set 
to the set [empty]. The rule will print to the screen all 
values of Yl found in the database of facts for sf 
(X,Yl,_,_,_,_,_) where a typical set of facts could be: 
sf(turning, steel, [aisi 1330, aisi 1335], [175,200], 
- -( cd, a] , 12 5_, 2 o o) • 
sf(tuning, aluminum, [],[],[A], 500, 1000). 
The Turbo Prolog program continues in the manner just 
described until it has instantiated the five variables in 
the fact sf (X, Y, z ,A, B, ', ) • The user is then asked which 
. - -
material the cut'bJ.ng tool is. made of and the corresponding 
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cutting •P••d is removed from the database. 
An expert system should attempt to give the uaer 
inform~tion about the given query. Therefore, after 
calculating the cutting speed all input data is echoed to ' 
the user with the calculated answer. 
An example output would be: 
For the following parameters 
Operation 
Material 
Hardness 
Condition 
Feed rate 
Cut Depth 
Diameter 
=- turning 
=- alloy steel 
-
== 2 00 
= cd 
= 40 mm/rev. 
= 2.54 mm 
= 31 mm 
The recommended Cutting Speed is 24 MPM. 
The recommended Spindle Speed is 241 RPM 
The Prolog system would finish the output just show by 
writing: 
This is the end of your calculation press 'O' to 
return to main menu or 'l' to exit. 
Let's assume---the user enters 'O' and returns to the main 
menu. As before the program displays: 
The present sys~em can calculate the following: 
,, 
O: Exit to MS-DOS 
1: Speed and Feed rates 
2: Machining Power Requirements 
Please make a selection by typing a number folio.wed 
' . 
by a <CR>. 
The user could now enter a 2 and calcul~& the power 
/ /------,../ . . 
/, required to machine a p~rt using the cutting speed just 
. "' 
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calculated. 
Machining Power Requirement• 
After aelacting to calculate power required for 
machining the user is prompted with the following screen: 
You have chosen to calculate machining power 
With this selection you can calculate the power 
required to machine metal parts. 
Please note that you must first fin4 the cutting 
speed in MPM for the machining operation 
If the cutting speed is not known choose option 
#1 from the main menu 
Type a 1 1 1 to continue 
or enter a 'O' to return to main menu 
.. 
The above screen is displayed because the user must 
already have found the cutting speed for the current 
' 
operation before calculating the Power required. 
The calculation of power required will take place in 
ml.lch the same way as the calculation of a cutting speed, 
Data about power required is stored in facts in the 
program and arguments of the data are displayed to the 
user. The user selects a material, material grade, 
hardness, etc. , and variables are instantiated to the 
·inputs. When enough variables are instantiated to single 
out a particular fact in the database the additional data 
needed can be· taken from that fact. 
The calculation of power required has several 
predicates for which facts exist. 
{ ··---' ... 
• 
·-
I I 
-: ·, 
The predicate• are: 
hp mat (nama,numbara,namaa,number2) 
-ffc (number2,number2) 
wear (number,number2,name) 
eff (number,number2,name) \ 
To further explain the process by which facts are 
chosen a detailed example of how the facts for hp mat ( ) 
-
are selected will follow: 
. ' 
Four arguments are given in the hp mat() predicate. 
I 
-
ARG 1 • name 
Stands for a material name 
Ex: plain carbon steel 
- -brass 
ARG 2 • numbers 
Stands for a list of hardness numbers and may 
be an empty list it a hardness is not 
specified 
Ex: [100,125] 
[200,250] 
[ ] 
ARG 3 • names 
.. 
Stands for a list of material grades and may 
be an empty list if the material is not broken 
down into separate grades 
Ex: [aisi 1040,aisi 1042] 
- -[ ] 
ARG 4 = number2 
' Stands for the Power Constant Kp which will be 
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••l•cted troa the databa••· 
Each argument may have several valuaa in the 
database. A sample database could be: 
hp mat( alloy steel,[100,125],[aisi 1040],l.JfO). 
hp-mat( alloy-steel,[150,175],[aisi-1040],l.69). 
hp-mat( alloY steel, [150,175], (aisi-1335, 
- aisi 1275],l.74). -
hp mat( aluminum,[],[],0.35). 
-
A sample database -selection would take place as 
follows: 
Prolog would ask the user to select a material from a 
list that it would display, and would then display all 
possible materials for which there is data in the 
database. For the above database prolog would display: 
alloy steel 
aluminum 
The user would type in a material from the list 
above, Ex: alloy steel, and prolog would instantiate a 
-
variable X to be equal to alloy _steel. Next prolog would 
ask the user to enter a hardness number from another list 
that it would display. Prolog woul~_find all facts that 
match with: 
hp mat( X,Y, , ). 
- - -
, 
Where X z alloy steel, and Y is not instantiated. The 
-
following rule~ will list all hardness values in the 
database. 
write_hpl(X):-
hp mat(X,Y, , ),write(Y),nl,fail. 
- - - . . 
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For the database given prolog would diaplay: 
100,125 
150,175 
The user would enter a hardness, Ex: 150, and prolog 
' 
would instantiate Y • 150. Prolog would next ask the user 
to select from a third list the material grade. The list 
of material grades is derived from all facts that match 
with: 
hp mat(X,Y,Z, ). 
- -
Where X = alloy_steel 
instantiated 
, Y • 150 , and z is not 
For the database given prolog would display: 
aisi 1040 
aisi-1335 
aisi 1275 
After the user enters the material grade a specific fact 
will have been singled out from the database and therefore 
the value for Kp, (ARG 4), can be taken from the database. 
For the present conditions the fact selected would be: 
hp_mat(alloy_steel,[150,175],(aisi_l040],l.69). 
and prolog would set Kp to be 1.69. 
The entire prolog program written for this project 
operates in the manner just described. Using this 
technique a very large database can be maintained and 
specific facts can· be found in a short period of time. 
The program written for this project finds all of the 
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fact• needed for the pr•••nt calculation being made and 
then inaerta thi• data into formula's that pertain to the 
calculation. For example suppose the user was calculating 
a power requirement. Prolog 1 would first have to find four 
facts from the database. The four predicates involved are: 
I -hp mat(name,numhers,names,number2). 
-
_ffc (numh@r2, number2) . 
wear(number,number2,name). 
eff(number,number2,name). 
These four predicates will give data· about the Power 
constant, the feed factor, the wear factor, and the 
efficiency factor respectively. Next the' program will call 
the rule: 
hp8 (X,Y,Z,G,KP,A,B,D,E):-
eff(El,EFF,E2),E=El,wear(X,W,X2),ffc{B,C), 
Q= { 12 *A* B * D ),PC= (KP *C * Q * W), 
PM= (PC/EFF),hp_out{X2,Y,Z,G,A,B,D,E2,PM); 
' 
clearwindow,error,hp7(X,Y,Z,G,KP,A,B). 
Although this code may be somewhat confusing a close look 
will show the reader what is being accomplished. The rule 
hp8 () is taking its input variables and inserting them 
in the predicates for ef f ( ) , wear ( ) , and ffc ( ) . After 
this insertion new data is available ang the variables 
..... ,, " ...... 1 
EFF, w, and c become instantiated to their new values. 
These variable are in turn placed in the three equations: 
r 
Q = (12 *A* B * D) 
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PC• (KP* C * Q * W) 
PM• (PC/ EFF) 
From theaa equations the value for PM, (power at motor), 
can be found and this ia passed to the rule hp out ( ). 
-
hp out ( ) is a print procedure which returns to the user 
-
all input values along with the calculated value. 
Both calculations in the program operate in this 
manner, and using this type of programming a simple expert 
system can be constructed quickly. 
"i., 
\ 
• 32 • 
• .\• , 
' 
, 
\ 
' 
' \.,v"', 
CHAPrER 4 
CONCLUSIONS 
• .. 
The machining operations of turning, milling, 
drilling, and reaming were built into a Turbo Prolog 
program for this project. The approach taken to write the 
program was procedural in nature and therefore was fairly 
easy to implement in pro log. With a program of this type a 
apprentice in a machine shop would be able to set the 
spindle speed of a particular lathe, drill, or milling 
machine. The apprentice would also be able to select the 
best machine to use for the machining operation based upon 
a power calculation. As previously mentioned machine power 
is best utilized when the cut taken requires nearly all of 
the power of the machine. Using the power calculation the 
apprentice could find how to utilize all of the available 
power. 
This program might also b~ helpful to the experienced 
machinist when the material being machined is exotic or 
not commonly machirted. The machine shop owner could 
utilize this program to select which motor size to 
I 
purchase on a new piece of equipment. 
The ov~rall purpose of this project was to utilize 
Turbo Pro log to create an expert system for calculations' 
involving tables and formulas. As the report indicates the 
objective of this project was reached. The program written 
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can now be readily expanded by •i•ply adding additional 
facts to the databaae. 
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